The bauxite duricrust in the Bangam and surroundings is classified into three major storey levels as follows: the upper level on top of the plateaus where the continuous bauxites outcrop in slabs over distances of about 1 km, the intermediate level on top and at the flanks of the hills where the bauxites flush in metric blocks, the lower level at the talwegs where bauxites duricrust are gravels. The average thickness of the duricrust is 9.6m and extends over an area of about 9.5km 2 . Five types of facies are encountered here: nodular, pisolitic, pseudobreccia, vacuolar and massive. These different facies were carried out by X-ray fluorescence spectrometry, X-ray diffractometric, thermal analysis (ATD / ATG) and by polarizing microscope observation. The results of these analyses show that, gibbsite is the dominant mineral; kaolinite, anatase, hematite, goethite, magnetite and ilmenite are also present. The chemical composition of the major elements that characterize bauxites are 38-60% Al 2 O 3 ; 2 -22% SiO 2 and 9-42% Fe 2 O 3 . These values are almost similar to those obtained in Doumbouo-Fokoué, Ghana, Ngaoundal, and Minim-Martap precisely at Briskok prospect. The different minerals paragenesis and geochemistry data show that, the Bangam locality is a bauxite ore deposit in spite of a high content of iron and silicate of some facies, nevertheless, these can be used in some industries.
Introduction
Bauxites are residual rocks (laterites and karst bauxites) containing at least 40% Al 2 O 3 , less than 10% SiO 2 and 20% Fe 2 O 3 (Bardossy & Aleva 1990) and are recognized as the main supplier of aluminium. The study of bauxites in tropical regions has already been the subject of several scientific studies by authors such as Eno Belinga (1972) , Nyobé (1987) and Momo et al (2012) for Cameroonian bauxites; Boulangé (1984) for Ivorian bauxites and Lucas et al. (1989) in Brazil. It began in the early 20th century and focused on the characterization and evaluation of well-known indices. At Minim-Martap and Ngaoundal, the contents of Alumina and Silica are 43% and 4% respectively. In Fongo-Tongo, the alumina contents range between 40-53% and 7% silica. In Dounbouo-Fokoué, we have 47.5-49.5% alumina and 7.6% silica. These datas indicate that Cameroon has the third bauxitic reserve in the world with approximately 1.5 billion tons, this amount seems to underestimate some unexplored areas where there are also bauxite indices in Cameroon SABAP exploration (Weeksteen.1957 ) and the recent geological map of Cameroon (Ntep, 2009) . The locality of Bangam makes from these unexplored areas where one also encounters bauxites indices. The main objective of this study is to explore the Bangam locality, characterize the bauxites indices found there and compare it with others Cameroonians and Africans bauxites.
The wet savannah is the type of vegetation encountered in Bangam (Letouzey, 1985) . On the morphological level, hills and plateaus are found, which have average altitudes between 1170 -1780m. The slopes are steep and slightly inclined, separated by convexo-concave interfluves. On the geological plan, our study area is an integral part of the Cameroon line (Deruelle et al. 1991) which crosses the western part of the Cameroonian territory. One encounters the volcanics rocks are aphyrics and porphyrics basalts mainly composed of plagioclase (andesine) rods, fine pyroxene grains (enstatite-augite), olivine and iron and titanium oxides are present as accessory minerals (Hieronymus, 1973) . Dating from Neoprotorozoic to Cenozoic, the Panafrican is marked here by the presence of metamorphic rocks (Kwekam, 2005) such as biotite gneisses and weakly mylonitized gneisses (Fozing, 2009 ). 
Materials and Methods
The study of bauxites in Bangam was carried out at the scale of the landscape, microscopic, mineralogical, physical and geochemical, on different facies taken from every profile of the study area.
The study at the scale of the landscape made it possible to show the distribution of the bauxites from the previous works. It consisted in producing a bauxite distribution map from the Geographic Information System (GIS), which highlighted the different geomorphologic details of the study area. The mapping consisted of recording the data in the field using a GPS on areas of potential mineralization.
The alteration coat was studied on wells dug by picks and shovels on the tops and sides of the hills. The description of the different horizons was based on the soil description guide proposed by Maignien (1980) , which consisted of a detailed study of the soil horizons and taking a sample at the surface for laboratory analyses.
Laboratory analyses were microscopic, physical, geochemical and mineralogical. The physical analysis has been done in the laboratory of faculty of agronomy and agricultural sciences of university of Dschang. It consisted in determining the specific weight of each type of facies from the hydrostatic balance.
were cut, indurated, polished and stuck with resin in the faculty of sciences of the University of Dschang.
X-ray diffractometry (XRD) and thermal analysis (TDA/TGA) have been done in the faculty of sciences of university of Hiroshima and were used for the mineralogical analysis. TGA/TDA coupled thermal analyses were used to evaluate the losses of molecular water contained in the hydroxides and silicates of alumina from the ground samples, sieved on the powders having a size of less than 2 mm. The minerals were identified according to a temperature range and the method proposed by Njopwouo (1984) . Radiation diffraction is a method which applies in particular to particles smaller than 2 μm (clay).
The geochemical analysis was done by X-ray fluorescence in the university of Hiroshima for the determination and quantification of major elements by ICP-AE spectrometry on ground and sieved samples (<2mm). 100 mg of powder were melted with 300 mg of lithium Meta -Borate (LiBO 2 ) for 1 hour at 980 °C dissolved in 1.55M nitric acid.
Results

Geomorphology and Distribution of Bauxites in the Locality of Bangam
The soil cover of our study area consists mainly of continuous and discontinuous laterite bauxites. They are also found at the top of the plateaus and on the hillsides in the locality of Bamendjou, Fotouni and Batié which can be described here as prospects. Geomorphology is typical of the relief of West Cameroon, Hills slightly to strongly inclined, convex-concave with U-shaped valleys and flat bottom in places. This landscape presents undulations with residual mounds. Here we distinguish three great levels of bauxitization such as: the upper level between 1780-1620m, which are constituted by aboriginal bauxites and continuous at the top of plateaus, the intermediate level between 1620-1540m, this level consists of the bauxites reworked at the top of the hills and on the flanks, between 1540-1400m at this level of the talwegs, one meets crushed duricrust gravels and some boulders. These duricrust on the whole occupy an area of about 9.2 km 2 (see figure. 2) organized as follows. We can distinguish in the study area the Tchum plateau in Bamendjou, the Sojien plateau and the Kong-Top plateau in Fotouni, which have 1km, 1.2km, 0.9km and 0.75km, respectively, in the form of an isolated pocket.
In Bangam, we have the Kong-yeni plateau which stretches as far as Batié about 1.5km in the form of continuous esr.ccsenet.org Earth Science Research Vol. 7, No. 1; 2018 120 slab. The weathered profile reveal a heterogeneity of compact facies (nodular, pisolitic and massive) of 13.2 m, with colour variations from yellowish grey to base and brown red to surface through purplish red at intermediate level profile (see figure. 3.1).
The Bauxites Duricrust of the Hillsides
It's notable that, they are some heterogeneity of duricrust such as the pisolitic, vacuolar, pseudobréccia and nodular facies. The bauxites are represented here in metric and decimetric blocks and balls, partially covered in some places by ferralitic soil. The observation of the alteration profiles (see figure. 3.2) here shows a variation in the size of the blocks decreasing from the bedrock to the surface of the profile. The thickness of the duricrust is about 6 m. The blocks are separated by reddish and brownish clays.
The Gravelous Duricrust of the Talwegs
They are found much more at the footslope of hills and plateaux, made up of a mixture of particles of centimetric size and rarely decimetric. The alteration coat (see figure. 3.3) here shows a pedological succession much richer reddish clay, mottled brownish and yellowish grey and the duricrust are non-existent.
Overview of Alteration Profiles
Manual digging of the wells were done in a topographic sequence and shows a lateral and vertical variation along the profile. In general, the thickness of the bauxites is 13.20m on the plates, very strongly consolidated and without discontinuity notorious along the profile (see figure 3.1), unlike the summits and sides of hills where the duricrust have a thickness of between 6m with discontinuities along the profile (see figure. 3.2). The lithological sequence indicates that the alteration mantle is developed in situ and the profiles present everywhere the same organization, except in the talwegs where the profiles (see figure. 3.3) are truncated or without duricrust. To summarize, the following organization can be observed:
• 0 -30 cm: there is here a weak layer of black soil (7.5G.2/1.5); a sharp boundary consisting mainly of organic soil and fragment of partially decomposed plants.
• 30 -300 cm: this organic-mineral horizon is mostly composed of a mixture of reddish clay (10R.3/3). The nodules are strongly present with a grains size from mm to cm; the boundary with the horizon is gradual.
• 300 -1300cm: the mean thickness of bauxites is around 960 cm and highly indurated. The blocks are strongly consolidated on top the plateau and hills (see figure. 3.1). The boulders are bonded to each other by particles of clay that control an intense leaching process on the plateau and hills (see figure. 3.2). The nodular, massive, pisolitic facies are strongly represented along the profile and their size decreases considerably from top to base. The colour also varies according to the facies, not to mention the islands of clays that line the pisoliths. The transition is gradual with the underlying horizon by the size of the blocks.
• 1300 -1500cm: also known as fine saprolite, characterized by strong humidity and greyish clay dominance (7.5YR.6 / 4), whitish (10YR.5 / 2) and reddish (10R.3 / 3).
• 1500 -1800cm: here the degree of humidity is also very pronounced with a dominance of a coarse saprolite; the clay texture is whitish yellow (10YR.7.5 / 11) and greyish (7.5GY.4, 5/2). The relics of the greyish bedrock are clearly observed and the mafic features remind us of basalts. 
The Facies Encountered
The Massive Facies
These are the most abundant facies, much more observable at the top of plateaus. They are very compact, purplish red, very low porosity and sometimes almost non-existent with a bulk density of 2.8g / cm 3 .
The Pisolitic Facies
They are found on the flanks and summits of the hills, reddish purplish and rich in hematite and some relics of goethite. They are sometimes associated (coexist) with massive facies, with a bulk density of 2.4g / cm 3 . The pisoliths are less than 1 cm in size and sometimes enclosed by patches of reddish-yellow clays.
The Nodular Facies
This type is characterized by a richness of nodule of black colour and in coalescence with a clay matrix of purplish red colour. The nodules have sizes less than 1 cm and overall the bulk density is 2.3 g/cm 3 .
The Pseudobréccia Facies
Very weakly represented and with a bulk density of 2.6 g / cm 3 , they consist essentially of a yellowish matrix and a cryptocrystalline mixture of materials strongly indurated by the detrital particles.
The Vacuolar Facies
The vacuolar facies are pinkish white to brownish white, poorly represented in the locality of Bangam. They are essentially characterized by high porosity and a vesicular (vuggy) texture, very hard to friable. The sizes of vacuoles are approximatively between 2cm to 3cm. very light in weight with 1.9 g/cm 3 of bulk density.
Petrography of Bauxites in Bangam Locality
The petrographic study of Bangam bauxites shows in thin section the presence of secondary minerals such as gibbsite, kaolinite, goethite and hematite, which are presented here in the form of cutanes and clayed texture. Magnetite is also present as opaque oxides in a yellowish red matrix with no pleochroism.
Hematite /Goethite
Hematite and goethite are represented in thin section below (see figure 4) by the reddish and brownish red zone. They are characterized by a low pleochroism and two forms orientation of a structure, massepic in some sections and insepic in anothers. They are always found in association between the fissures of primary minerals and which sometimes serve as ferruginous bridge between gibbsite and kaolinite. Hematite and goethite are mostly represented in pisolitic and pseudobreccia facies. Hematite is mostly associated with goethite and appears commonly between primary minerals.
Magnetite
Magnetite appears in thin section by an irregular shape, very darkness colour and no pleochroism (see figure 4B ). It's mostly associated with others iron minerals and in inclusion with the remains of primary mineral.
Gibbsite
The gibbsite mineral is always colourless in thin section and there isn't colour of iron mineral (Delvigne.1970) and whitish in some section (Biton.1988) . It presents as cutanes and appear without orientation (insepic). Gibbsite is mainly found in the transmineral crack and takes place gradually to the detriment of iron oxides (see figure 4B and 4C).
Kaolinite
This alumina mineral (see figure.4B ) are strongly observed in a thin section of grey-bluish to whitish colour which progressively takes place of some unidentified primary minerals. It is observed here and the grey transition zone of kaolinite which marks the transition from kaolinite to gibbsite. The results of mineralogical analyses are shown in figure 5 . Two types of paragenesis are observed here, the first consisting of minerals such as gibbsite with its characteristic peaks at 4.83A°, 4.36A°, 3.34A°, 3.09A°, Goethite with its peaks at 4.15A°, 2.83A°, magnetite at 1.49A°, ilmenite at 3.72A° and hematite at 3.67A°. The second paragenesis consists of kaolinite with its peaks at 7.15A°, 4.43A°, 4.25A° and other previously mentioned minerals. We notice that in the table 1 below, gibbsite and kaolinite are the most abundant minerals with a 30.65%-75% and 11% -32.23% contents respectively, hematite (3.7% -10.9%), goethite (4.42% -13.2%) , magnetite (1.1% -3.53%) and ilmenite (2.54% -4.81%) are the different iron minerals present in these bauxites. The titanium mineral is represented by anatase with contents between 0.99% -4.44%. 
Geochemistry of Bauxite Facies
These analyses were carried out by X-ray fluorescence (XRF) and are reported in 
Interpretation and Discussion of Results
Relationship Between Bauxite and Geomorphology
Several studies have been carried out in Africa and Cameroon on the vertical organization and evolution of bauxite duricrust in the landscape, these bauxites have been develop on very thick mantle of alteration which forms old residual surfaces Valeton (1972 Valeton ( & 1981 . The bauxites of Bangam are arranged in three levels, namely, the upper level, the intermediate level and the lower level qualify as bowés by Morrin (1980) and Momo et al. (2011) . Their position at the top of the hills and plateaus are developed describes as an African surface, Boulangé (1984) show the similarity in Ivory Coast and in Ghana. According to Boulet et al (1977) , Bocquier (1971) their relation with geomorphology just classified them in two groups known as: authiginous bauxite formed in situ on top the plateau and hills and allogenous bauxite in the talwegs and interfluve favour by the dismantling of continuous bauxites on top the plateau and hills. The Morphology of the relief of western Cameroon which the bauxites of Bangam belong is the seat of several tectonics phenomena responsible for this geomorphology. Morin (1980) and Nkouathio et al. (2008) explain this morphology by the sets of the tectonic along the Cameroon line at the end of the Miocene, which created faults on both sides of the locality. The degradation of bauxites is favoured by the tropical humid climate and by the set of this brittle tectonic influencing considerably the shape of the bauxites (Leprun, 1977; Morin, 1980) . For King (1967) , the African morphologies depend on the progressive erosion and peneplanation which are favoured by the hydrographic network which generally get along with the faults (Nono et al., 2001) and are responsible for the reduction and variations of the thickness of the duricrust 13.2m above the plateaus, 6 to 5m on the flanks of hills and plateaus, (Temgoua et al., 2002; Bitom et al., 2003) . According to Hieronymus, (1972) , the bauxitic surfaces of Bangam have been cut by the hydrographic network, which has left glaciers and ridge lines, separated by numerous valleys.
The analysis of the landscape and the pedological coverage of the study area reveal the following facts: the hills are very narrow with very steep slopes, unlike the plateaus where the slopes are slightly inclined. The presence of the gibbsitic-dominated breastplates (Bitom et al., 2004) , which has contributed to the development of a thick soil-cover (Eno Belinga, 1984; Bitom, 1988; Kamgang Beyala, 1998) at the level of the hills, a compact pedologic horizon at the top of the plateaus and in the whole of a spotted horizon reflect the climatic imbalance (contrast) of the locality (Boulet et al., 1984) . It seems that the dismantling of Bangam's bauxites is not limited to the tropical climates with contrasting seasons. In effect, the works of Likiby et al. (2010) at Djoulgouf (far north Cameroon) show that the dismantling of duricrust can be caused by the thermoclastic or mechanic destruction and geochemical process of hematite and goethite replacement. This phenomenon can be transposed in Bangam which is under the influence of the same climatic condition. The dismantling of the duricrust is much more linked to geochemical casting or a hematite goethization, according to Tardy and Nahon (1985) , these two minerals played an important role in the process of cuirassing.
Mineralogy and Geochemistry of Bauxite in Bangam Locality
The bauxite deposits in Bangam are different in mineralogy and geochemistry according to the types of facies. Five types of facies were identified and described according to the nomenclature proposed by Tardy (1993) , the most abundant and dominant types are massive facies, follows by the pisolitic facies. Graham et al (2012) , the majority of bauxites in the world are pisolitic and massive bauxites. The five types of facies which are present have a bulk density between 1.9g/cm 3 and 2.8g/cm 3 ; it simply means that, these different facies have lost a chemical element during the ferralitization process (D'Hoore, 1954 in Boulangé, 1984 . According to Tardy (1993) , pisolitic and nodular facies are evolved forms of massive facies during leaching. Vacuolar facies are formed by the destruction of the gulb (glebular) bridges contained in the massive facies. The nodular facies with a high silica and kaolinite contents might be the resilicification of bauxite during the leaching process following by the equation proposed by Bitom (1988) : 2Al (OH) 3 + 2SiO 2 Al 2 Si 2 (OH) 4 O 5 +H 2 O or the solubility of the silica is generally controlled by alumina which the both combines to form alumino silicates such as kaolinite, Okamoto et al., (1957) . According to Annan and Butt (2010) , the pseudobréccia facies is the richest in gibbsite and low contents of iron and silicate and might be qualify as good bauxite quality in Cameroon.
The SiO 2 /Al 2 O 3 ratio once more called Ruxton index (1968) is much lower than 1 on each facies, indicating the presence of gibbsite (Beauvais, 1991) and the Chemical Index of Alteration (CIA) of Nesbitt and Young (1982) values derived from major element composition show an extremely high values (0.99), is an evidence that Bangam bauxite derive of complete alteration of clay phase. Gibbsite is the most abundant mineral of Bangam bauxites and formed during the ultimate stage of alteration (Tetsuhiro et al., 2010) known as allitisation, follows by kaolinite known as monosialitisation, hematite, goethite, ilmenite, magnetite and anastase. The gibbsite is observed in thin section a whitish zone qualified by Bitom (1988) as starting zone of alteration of primary minerals during a pseudomorphosis process. Gibbsite is only formed in an acid medium, to the detriment of boehmite which forms only in basic medium with high CaO contents, Smith (1986) . For Bardossy (1989) , the bauxites dominated by gibbsite are much more associated with goethite sometimes with hematite and kaolinite Boeglin (1990) .
The presence of hematite and goethite in antagonistic proportions is due to competition in ferralitic medium, also called ferrolysis between these two minerals observed by Cornell and Schwertman (1996) , Cornell et al (1990) . Think of a dehydration of goethite for the formation of hematite.
The frequency of chemical elements (see figure.7 figure.8 ) also show us that, the sample collected (massive facies, pseudobreccia facies and vacuolar facies) are converged toward the alumina side, but it's notable that some facies (pisolitic and nodular) have a high contents of iron and silicate. In spite of, the bauxites with the high contents of iron and silicate can be used in the industry of manufactured cement, Eno Belinga (1971 Bardossy (1989 ), Eno Belinga (1971 , they are real reservoirs of sesquioxides of alumina and iron useful in industries. The bauxites of Bangam show that they are still rich in iron and alumina, the high contents of iron oxyhydroxides and alumina in some facies indicate just the formation of these minerals from a basaltic parent rock and especially during the phenomenon of relative accumulation (Annand & Butt, 2010; Mc Queen & Scott 2008) . Valeton (1972 Valeton ( & 1981 describes it as protobauxites that have been set up under a process of allitization and monosiallitization due to an abundance of rain (1712.10mm) or because of the hydrographic network, the steep inclined slopes which favoured the leaching of the environment, Momo et al. (2011 ), Aristizabal et al. (2005 . 
Conclusion
After studying the bauxites of Bangam, it is clear that they result from two phenomena of bauxitisation, namely ferralitisation (formation of massive facies, pisolitic, nodular and vacuolar facies) and cementation (formation of pseudobreccia facies) with a double setting between iron, aluminium and silica. The frequency of constitutive minerals shows a similarity with other Cameroonian bauxites (Doumbouo-Foukoue, Ngaoundal-Minim-Martap) and African bauxites (Ghana) with grades of gibbsite and kaolinite, which are the most sought-after minerals by mining companies.
According to the Tardy Classification (1993), they are protobauxites because they have formed under lateritic soil and a humid climate where gibbsite is the dominant mineral.
These bauxites have the characteristics of the former African bauxitic surfaces (African surface) formed since the Miocene under the effect of a process of bauxitisation with climatic contrast.
Allitization and monosiallitization are the two hydrological phenomena responsible for a thick alteration coat forming a bauxite duricrust of about 9.6m on an area of about 9.5 km 2
. Their position at the top of the hills and plateeaus makes them real reservoirs of sesquioxides of iron and aluminium, which would make operation easier and less costly for an open-pit mine if ever a possible exploitation was considered.
